WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 




(11) International Publication Number: 


WO 95/20945 


A61K 9/127, 9/50, 31/70 


Al 










(43) International Publication Date: 


10 August 1995 (10.08.95) 



(21) International Application Number: PCT/SE95/001 17 

(22) International Filing Date: 6 February 1995 (06.02.95) 



(30) Priority Data: 

9400368-8 
9402456-9 



4 February 1 994 (04.02.94) SE 
12 July 1994(12.07.94) SE 



(71) Applicant (for all designated States except US): KARL- 

SHAMNS LIPIDTEKNIK AB [SE/SE]; P.O. Box 6686, 
S-1I3 84 Stockholm (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): CARLS SON, Anders 
[SE/SE]; S:t Goransgatan 80, S-112 38 Stockholm (SE). 
HERSLOF, Bengt [SE/SE]; Brunbarsvagen 2, S-114 21 
Stockholm (SE). 



(81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA, CH, 
CN, CZ, DE, DK, EE, ES, Fl, GB, GE, HU, JP, KE, KG, 
KP, KR, KZ, LK, LR ( LT, LU, LV, MD, MG, MN, MW, 
MX, NL, NO, NZ, PL, PT, RO, RU, SD, SE, SI, SK, TJ, 
TT, UA, US, UZ, VN, European patent (AT, BE, CH, DE, 
DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE, 
SN, TD, TG), ARIPO patent (KE, MW, SD, SZ). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(74) Agents: LARFELDT, Helene et al.; Bergen strdhle & Lindvall 
AB, P.O. Box 17704, S-118 93 Stockholm (SE). 



(54) Title: LIPOPHILIC CARRIER PREPARATIONS 



(57) Abstract 



The invention relates to a lipophilic carrier preparation having a continuous lipid phase, comprising a polar lipid material in combination 
with a non-polar lipid, and optionally a polar solvent, wherein the polar lipid material is a galacto-lipid material. The invention also relates 
to the use of said lipophilic carrier preparation as a carrier for an active substance in a pharmaceutical composition, but also in nutritional, 
cosmetical and food products, as well as to a pharmaceutical composition. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


PT 


Portugal 


by 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Cote d'lvoire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


LI 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


cs 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


cz 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


FI 


Finland 


ML 


Mali 


HZ 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











WO 95/20945 



PCT7SE95/0O117 



1 

LIPOPHILIC CARRIER PREPARATIONS 

Tschnical Field 

This invention relates to lipophilic carrier preparations 
having a continuous lipid phase, comprising a polar lipid mate- 
rial, in combination with a non-polar lipid and optionally a 
polar solvent. Said carrier preparation is suitable for use as a 
carrier for active materials in pharmaceutical compositions, as 
well as in cosmetical, food and agricultural products. 

Background of the invention 

It is a general problem in the pharmaceutical industry to in- 
corporate drugs into lipophilic carriers which are biocompatible 
and well tolerated by humans. The reason for this is, firstly, 
the wide range of chemical structures, and therefore properties, 
of the active components which are to be incorporated, and, 
secondly, a suitable carrier based on ingredients which makes 
the carrier sufficiently flexible to incorporate active compon- 
ents with the mentioned wide range of structural variations. 

In order to create flexible lipophilic carriers, polar lipids 
need to be employed, preferably natural membrane lipids for the 
sake of biocompatibility and safety, and combined with non-polar 
lipids, such as vegetable oils or sterol esters. At present time 
the only membrane lipids available are phospholipid materials, 
mainly derived from soy or egg lecithin or made by synthetic 
routes. The phospholipids are zwitter-ionic, such as phosphati- 
dylcholine and phosphatidylethanolamine, or negatively charged, . 
such as phosphatidylinositol or phosphatidylglycerol . 

Lipophilic carriers may be organised solutions, such as 
microemulsions or reverse micellar solutions, reverse vesicles 
or water-in-oil emulsions. 

Margarines and spreads are water-in-oil emulsions which may 
contain as much as 75 % by weight of an aqueous phase. The 
aqueous phase is dispersed in a triglyceride oil, typically a 
vegetable oil such as rapeseed oil. The aqueous phase normally 
contains a thickening agent, such as gelatine in order to stabi- 
lise the water-rich oil-continuous emulsion. The emulsifier is 
typically a phospholipid such as soybean phospholipids (soy 
lecithin) . These emulsifiers consist of mixtures of phospholipid 
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classes, such as phosphatidylcholine and phosphatidylethanolami- 
ne, which are zwitter-ionic, and phosphatidylinositol, which is 
ionic. It is a common knowledge that these lecithin emulsifiers 
are the most utilised natural lipids in preparing stable food 
emulsions on an industrial scale, it is also well-known that 
such emulsions suffer from disadvantages and problems which 
relate to the lecithin emulsifier. 

Prior art 

There are only a few examples on lipophilic preparations 
having a continuous lipid phase reported. 

WO 92/05771 describes a lipid particle forming matrix of at 
least two lipid components; one is non-polar and another is 
amphiphatic and polar. This particle forming matrix, which can 
contain bioactive materials, spontaneously forms discrete lipid 
particles when interacting with aqueous systems. The amphiphatic 
and polar lipid components are said to be bilayer forming and 
are chosen from phospholipids such as phosphatidylcholine; the 
non-polar lipids are mono-, di- or triglycerides. 

Microemulsion gels comprising lecithin, i.e. phosphatidyl- 
choline, have been described and characterised by P.L. Luisi, 
see e.g. D. Capitani et al., Langmuir, 1993, Vol. 9, pp. 685 - 
689. Besides the phospholipid, these gels are composed of a 
small amount of water and an organic solvent, such as alkanes, 
fatty acid esters and amines. They are also referred to as 
organogels. The gels may be used as a matrix for transdermal 
transport of drugs. 

The presence of reverse vesicles, the counter structures to 
normal vesicles, in an oil was first reported by H . Kunieda, see 
e.g. H. Kunieda et al., Advanced Materials, 1992, Vol. 4, pp. 
291 - 293. Reverse vesicles are a dispersion of lamellar liquid 
crystal, which swells a considerable amount of oil, i.e. the 
vesicles consist of reverse bilayer structures. The reverse 
bilayers are normally composed of a mixture of hydrophilic and 
lipophilic amphiphiles. 

Glycosylglycerides are a type of glycolipids which are well- 
known constituents of plant cell membranes. Two types based on 
galactose are very common, monogalactosyldiacylglycerol, MGDG, 
and digalactosyldiacylglycerol, DGDG, representing up to 40 % of 
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the dry weight of the thylakoid membranes. 

y yceroi. m MGDG the 1-position of the qalac- 

bond between the su 9 .rs. A Iinor constituent is 
sulphoUpiC, mor . correctly ^ 5uiphogu . 

glycerol, sqdg. which contain, a su lp hon,t. rather thai , hydro- 
xyl group U„*ed to carbon 6 o £ the terminal de»xy gl ucos. «£- 



Rl - 0 - CH 2 



R 2 - O - CH 

H 2 c — f. o - carbohydrate - ch 2 J- n - r 3 

wherein R, and R 2 independently of each other are saturated or 

d ~: \ d T y acid residues ° f 2 - 24 carb ° n — " 

double bonds, further esterified hydroxyacids , that is esto- 

- 1-1 a 0 ndT r09en; h the Carb0hyd " te is * —saccharide -it; n 

- 1-5, and R 3 is a hydroxyl or sulphonate group 

S. 940036.- discloses an industrially applicable process for 

IToT 9 : yC °; yl9lyCerideS <*- P^nts, preferably cereals by 
means of extractxon and chromatographic separations. 

in investigating the interaction of the glyco S ylgi ycerides 
wxth non-polar lipids, such as mono-, di- and trig^cerides 
fatty alcohols and acids, sterols and sterol esters! ^ 
coined wxth other polar lipids such as phospholipids and 
sphxngolxpxds, without water, or with only small amounts of 
water, we have surprisingly found a behaviour which maKes such 
preparatxons suxtable as lipophilic carriers for drugs, but also 
as formulations for sXin care, nutrition and food. 

Description of tho invention 

The present invention provides l ipid carriers based on 
galactolipids, which is a polar lipid material, in combination 
wxth non-polar Ixpids. The polar headgroups of the galactolipids 
are galactose units, which have quite different physicochemical 
properties compared to the phospholipids. Thus, the incorpora- 
txon mechanxsms are based on interactions of the hydroxyl groups 
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of the polar headgroup, i.e. the galactose unit, and the lipo- 
philic chains of the galactosylacylglycerols and the non-polar 
component, with the compound which is to be incorporated. 

The invention relates to a lipophilic carrier preparation 
having a continuous lipid phase, comprising a non-polar lipid in 
combination with a polar lipid material, and optionally a polar 
solvent, characterised in that the polar lipid material is a 
galactolipid material consisting of at least 50 % digalactosyl- 
diacylglycerols, the remainder being other polar lipids. 

In a preferred preparation the galactolipid material consists 
of about 70-80 % digalactosyldiacylglycerols and 20-30 % other 
polar lipids. 

In another preferred preparation the galactolipid material 
consists of up to 100 % digalactosyldiacylglycerols. 

The digalactosyldiacylglycerols can be described by the 
general formula 

R i - ° ~ f H 2 
R 2 - O - CH 

H 2 C Hr" 0 - galactose - CH 2 }- 2 - R 3 
unit 

wherein R x and R 2 independently of each other are saturated or 
unsaturated fatty acid residues of 10-22 carbon atoms and 0-4 
double bonds, or hydrogen; and R 3 is a hydroxyl or sulphonate 
group. 

As preferred examples of fatty acid residues R x and R 2 can 
be mentioned naturally occurring fatty acyl groups, such as 
residues from the saturated acids palmitic (C 15 H 31 CO; 16:0) and 
stearic acid (C 17 H 35 C0; 18:0); from the monounsaturated acid 
oleic acid (C 17 H 33 CO; 18:1); and from the polyunsaturated acids 
linoleic (C 17 H 31 CO; 18:2) and linolenic acid (C 17 H 29 CO; 18:3). 
The fatty acid residues can also contain hydroxy acids linked to 
the glycerol moiety with their hydroxyl groups esterif ied by 
further fatty acids, so called estolides. 

The other polar lipids being part of the galactolipid mate- 
rial are a mixture of different glyco- and phospholipids, such 
as MGDG and phosphatidylcholines. The composition depends on the 
starting material and process used for the manufacture of the 
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galac to lipids. 

The specific proportions of the components of the galac- 
tolipid material are not critical to the present invention as 
long as the content of DGDG is at least 50 %. For many applica- 
tions, however, the maximum benefits are realised by a high con- 
tent of DGDG, the most important bilayer-foraing component. 

The galactolipid material can be extracted from almost any 
kind of plant material. Preferred plant materials are seeds and 
kernels from grains and cereals, for instance wheat, rye, oats 
corn, rice, millet and sesame. Oat groats as well as wheat 
gluten have a high lipid concentration and are therefore of 
advantage to use in the preparation process. 

Synthetic diglycosyldiacylglycerols based on galactose or 
any other monosaccharide unit, such as glucose, and natural 
glycosylglycerides, isolated from any source, based on other 
carbohydrate units than galactose, such as glucose, can be used 
in accordance with the invention. 

No particular limitation is imposed on the non-polar lipid 
material. Vegetable oils, animal oils, synthetic oils, fatty 
acids, natural and synthetic glycerides, sterol esters, fatty 
alcohols, etc. may be mentioned by way of example. 

All types of lipophilic organised solutions were surprisingly 
possible to obtain by using galactolipids. The incorporated 
active materials may be part of the organised solutions or 
stabilised by these in the form of, for example, suspensions. 

By way of example, a lipophilic carrier preparation can be 
obtained by mixing the galactolipids with a non-polar lipid 
such as a triacylglycerol . The triacylglycerol may be selected 
from palm oil or natural oils with similarly, relatively high 
solid fat content or melting range. Preferred and suitable 
tnacylglycerols are palm oil fractions, obtained by fractiona- 
ting commercial palm oil into specific mixtures of triacylglyce- 
rols, based on the combination of mainly palmitic, oleic and 
stearic esters of glycerol. 

A lipophilic carrier preparation can also be obtained by 
mixing the glycosylglycerides with liquid triglyceride oils, 
such as medium-chain triacylglycerol (MCT) and soybean oil.' 

In addition, the non-polar lipid-galactolipid mixture can 
contain increasing contents of water or aqueous solution which 
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can lead to the formation of reverse vesicles, reverse micelles 
and water-in-oil emulsion. 

Reverse vesicles are prepared by adding a mixture of galac- 
tolipids and a more polar amphiphile, such as lysophosphati- 
dylcholine, in a ratio of 4:1 by weight, to a triglyceride oil, 
preferably MCT oil. The total concentration of amphiphiles is 
less then 3 % (w/w) . A small amount of water or aqueous solu- 
tion, less than 1 % (w/w) of the total preparation, is then 
added. After ultrasonication, a fine dispersion of reverse 
vesicles is obtained. 

At higher glycolipid concentrations, but still low water 
content, 0.5 - 2 % (w/w) of the total preparation, reverse 
micelles can be prepared. Reverse micelles, also called microe- 
mulsions, consist of water aggregates in an oil. Reverse micel- 
les are thermodynamically stable. The shape and structure of the 
aggregates may lead to viscous systems, "microemulsion gels". 

At still higher water contents, >5 % (w/w) of the total 
preparation, water-in-oil emulsions are formed. These are two- 
phase systems, consisting of finely dispersed water droplets in 
an oil. Water-in-oil emulsions are thermodynamically unstable, 
but may be kinetically stable. 

The aqueous solution can consist of pure water, buffer solu- 
tion, saline, solutions of glucose, galactose, propylene glycol, 
polyethylene glycols, glycerol, etc. In addition, thickening 
agents such as gelatine, agarose, carrageenan, methyl cellulose 
and ethyl hydroxyethyl cellulose may be employed. 

The invention also refers to the use of a lipophilic carrier 
preparation as described, as a carrier for an active substance 
in a pharmaceutical, cosmetical, food or agricultural product. 

The invention also refers to a pharmaceutical composition 
comprising a lipophilic carrier preparation as described, in 
combination with a bioactive substance. 

The invention also refers to a pharmaceutical composition 
comprising a lipophilic carrier preparation as described, where- 
in the non-polar lipid is an MCT oil, evening primrose oil, a 
palm oil fraction, or a bioactive substance. 

The bioactive substance can be a lipophilic drug such as 
anti-cancer agents, anti-microbial and particularly anti-fungal 
agents, immunosuppressant drugs like cyclosporin, dermatological 
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drugs, such as analgesic and antiphlogistic agents, antipruri- ' 
tics, disinfectants, astringents, emollients, and hormones, 
psychotropic drugs, anaestethic drugs and other drugs which are 
lipophilic and which may present formulation problems which 
could be solved by the use of galactolipids. There are also many 
lipids such as free fatty acids, mono-, di- and triacylglyce- 
rols, phospholipids, cholesterol esters and lipids of many other 
types which have therapeutic actions in themselves and which may 
be advantageously formulated in the form of an lipophilic carri- 
er, based on the galactolipids. In this case the bioactive 
substance is the non-polar lipid. 

A pharmaceutical and cosmetic preparation can be prepared by 
melting a .palm oil fraction in an open water bath at a tempera- 
ture range of 40-70 °c. The active ingredients and the glyco- 
sylglycerides are weighed in a vial. The melted palm oil frac- 
tion is transferred to the vial and the mixture is dispersed 
with a high shear mixer at approximately 1000 rpm and at tempe- 
rature range of 40-70 «c for 2-4 min. The amount of water or 
aqueous solution required to form a topically applicable formu- 
lation is added and the formulation is mixed carefully with a 
rod. 

The pharmaceutical composition may be formulated for oral, 
enteral, parenteral, rectal, vaginal, topical, ocular, nasal or 
aural administration to animals, especially mammals, including 
humans . 

Topical skin care preparations may be classified roughly in 
medicinal topical skin care preparations and cosmetological 
preparations in accordance with their manner of use. 

As exemplary medicinal topical skin care preparations, may be 
mentioned various ointments containing one or more active in- 
gredients. Ointments include both those containing an oily base 
and those containing an oil-in-water or water-in-oil emulsion- 
type base. 

Where used as a cosmetic preparation, it is possible to mix 
in addition to the essential ingredients those employed routine- 
ly as cosmetological ingredients such as oily substance, ultra- 
violet absorbent, alcohol, chelating agent, pH regulator, anti- 
septic, thickening agents, pigment, perfume base and the like in 
combination as needed. 
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As cosmetics, skin cosmetological preparations of various 
forms may be formulated including, for example water-in-oil or 
oil-in-water type emulsified cosmetics, creams, cosmetological 
emulsions, toilet waters, oily cosmetics, lipsticks, founda- 
tions, skin cleansing preparations, hair tonics, hair styling 
preparations, hair grooming preparations, hair growth stimu- 
lants, etc. 

Water-in-oil emulsions, e.g. margarines and spreads, are 
prepared by conventional methods. 

Galactolipid material 

Galactolipid materials have been prepared from different 
cereals as stated below, and used for making carrier prepara- 
tions and pharmaceutical compositions of the invention as stated 
in the examples. In the specification % refers to % by weight if 
not otherwise stated. The proportion of the solvents in solvent 
mixtures is given in parts by volume. 

Galactolipid mat erial from nate 

200 kg of oat kernels (Kungsornen AB, Sweden) were ground and 
extracted with 1000 1 of 95 % ethanol at 70 -c for 3 h in an ex- 
traction tank under stirring. The slurry was centrifuged while 
still warm and separated from solid particles. The liquid frac- 
tion was evaporated at 60«c which gave about 10 kg of a light 
brown oil. 

The oil was applied to a stainless steel column containing 
6.25 kg of silica gel (Matrex Silica Si, particle size 20-45 mm, 
pore diameter 60 A, from Amicon Corp. , USA) . The column tempera- 
ture was 50 *C. The column was then washed with 30 1 of a mixture 
of hexane:isopropanol, 90:10, in order to remove all nonpolar 
lipids. 

The galactolipid material was then eluted from the column 
with 20 1 of a mixture hexane : isopropanol , 60:40, giving a 
galactosyldiacylglycerol fraction. Evaporation of this fraction 
gave about 700 g of DGDG, the major lipid class. The galacto- 
lipid material was then dispersed in water and subjected to 
freeze-drying, which resulted in a free-flowing powder. 
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Enrichment of dg dg from qalacto-) j 

50 g galactolipids from oats, as obtained above, having a 
content of DGDG of about 70 %, were dissolved in 250 ml hexane: 
isopropanol, 70:30, giving a total amount of 300 ml. The so- 
lution obtained was loaded on a silica gel (no g) column and 
the less polar constituents were eluted with l 1 of the mixture 
of hexane: isopropanol, 70:30. The enriched DGDG fraction was 
eluted with 2 1 acetone. The acetone fraction was evaporated and 
free 2e -dried. The total yield was 17 g of an almost pure DGDG 
product. 



Hvdroqenation o f galacfcpl ip irf e 

200 g of a galactolipid mixture obtained from oats as stated 
above was dissolved in 2 1 warm isopropanol. 15 g of a palladium 
on carbon catalyst (Pd 15 %, moisture 53 %, Engelhard Rome 
s.r.i., Italy) was placed in the bottom of a pressure reactor 
(Model No. 4552M; Parr Instrument Co., USA) equipped with two 
impellers on a stirrer shaft. The solution was then transferred 
into the reactor under a seal of nitrogen to reduce the fire 
hazard. The reactor vessel was sealed and first pressurized 
three times with nitrogen in order to remove air and then three 
times with hydrogen gas (Plus 4.5, from AGA Gas AB, Sweden). The 
hydrogen pressure was then kept at 6 bars, the stirrer set at 
600 rpm and the mixture was heated to 70'C. It took 14 minutes 
for the reaction mixture to reach its temperature setpoint. The 
hydrogenation process was conducted for 6 hours after which the 
reaction product was filtered through a 0.45 „m filter in order 
to remove carbon particles and palladium. Solvent was evaporated 
on a rotavapor, the residual solid material was dispersed in 
1600 ml of deionized water and f reeze-dried. 

The yield of hydrogenated galactolipids after filtration 
and freeze-drying was 155 g. The hydrogenation performance was 
evaluated by gas chromatography; only saturated fatty acids 
could be detected in the hydrogenated product. 

Galactolipids fr om wheat aint-on 

1 kg of wheat gluten powder (AB SkanebrSnnerier, Sweden) was 
extracted with 4 1 of 95 % ethanol at 70 »C for 3 h in a beaker. 
The slurry was then filtered under a pressure of 400-500 kPa and 
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the filtercake obtained was washed with 1 1 of warm 95 % etha- 
nol. The combined ethanol solutions were evaporated at maximum 
60"C and gave about 60 g of a yellow oil. 

The oil was applied to a stainless steel column containing 
45 g of silica gel (Matrex Silica Si, particle size 20-45 m , 
pore size 60 A, from Amicon Corp., USA) . The column was then 
washed with 700 ml of a mixture hexane: isopropanol, 90:10, in 
order to remove neutral lipids. 

In order to remove MGDG and some other polar lipids the co- 
lumn was subsequently washed with 1000 ml of a mixture hexane: 
isopropanol, 70:30. Elution of DGDG was carried out with 1000 ml 
of pure acetone. After evaporation about 4 g of an almost pure 
DGDG product was obtained. 

Galact olipids from ryg 

100 g rye flakes (Kungsornen AB, Sweden) were stirred for 60 
min in a mixture of industral hexane and isopropanol, 90:10. The 
slurry was filtered and evaporated which gave 0.5 g polar li- 
pids. The residue, dissolved in 10 ml of a mixture of hexane and 
iso-propanol, 70:30, was loaded on three Sep-pak silica plus 
columns (Millipore Corp., USA) connected in series, washed with 
20 ml of the same mixture of solvents and eluted with 15 ml 
acetone. The eluate was evaporated and freeze-dried and the 
yield was 47 mg of galactolipids. 

Chemical and physical characterisation of different galactolipifl 

materials 

Lipid class analysis 

Lipid class analysis was performed by high performance liquid 
chromatography, HPLC, using a column packed with diol-modif ied 
silica (LiChrosphere 100 DIOL, 5 M m, 250 mm x 4 mm i.d.; E. 
Merck, Germany) . The column was enclosed in a water bath held at 
75-C. The analytical system consisted of a HPLC pump CM 4000 
(LDC/Milton Roy, USA), and an injector, model 7125, with a 20 M i 
injection loop (Rheodyne Inc., USA). The evaporative light- 
scattering detector used was a Sedex 45 (S.E.D.E.R.E. , France) 
equipped with a Sedex 55 nebulisation chamber with a drift tube 
temperature and air inlet pressure of 97 «c and 2.0 bar, respec- 
tively. 
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The flow of the mobile phase was l ml/min during the ana- 
lysis. A binary solvent gradient, linear over 25 min, was used 
starting with 100 % of A and ending with 100 % of B, where A «= 
hexane : isopropanol : n-butanol : tetrahydrof uran : isooctane : water , 
64:20:6:4.5:4.5:1, and B = isopropanol : n-butanol :tetrahydro- 
f uran: isooctane: water, 75:6:4.5:4.5:10. All solvents contained 
ammonium acetate, 1B0 mg/1. 

Data collection and processing were done with GynkoSoft 
Data system version 4.22 (Softron GmbH, Germany). Typical amount 
injected for analysis was 100 ng. Identification was based on 
retention time comparison with authentic standards (Karlshamns 
LipidTeknik AB, Sweden) . Volatile compounds were not detected in 
this system. Quantification was based on peak area calculations. 

Zeta potentials were determined on dilute aqueous galacto- 
lipid dispersions with a Zetasizer 4 instrument (Malvern 
Instruments Ltd., UK) 



Table 1 

Characterisation of different galactolipid materials 





o-C 


1L 


o-h-GL 


o-DODO 


w-GL 


w-DGDO 


r-OL 


DGDG 
content, 
area % 


73 


70 


72 


100 


60 


100 


67 


Z-potan- 
tial, nV 


-74 


-76 


-30 


-51 


-75 


-38 


-37 



In this Table 1 as well as in Table 2 below the following 
abbreviations are used 



o-GL 

o-h-GL 

o-DGDG 

w-GL 

w-DGDG 

r-GL 



galactolipids from oats 
hydrogenated galactolipids from oats 
enriched galactolipids from oats 
galactolipids from wheat 
enriched galactolipids from wheat 
galactolipids from rye 



Fattv acid analysis 

Analysis of the fatty acid profile was done by gas chromato- 
graphy after transesterif ication of the lipids to fatty acid 
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methyl esters. These were separated and quantified by capillary 
column gas chromatography on a Varian 3500 Capillary Gas Chroma- 
tograph equipped with a capillary column 30 m x 0.25 mm i.d. 
(DB-WAX; Jtw Scientific, USA), an on-column injector and a flame 
ionization detector. Helium was used as the carrier gas. inte- 
gration was performed with GynkoSoft Data system version 4.22 
(Softron GmbH, Germany) . Transesterif ication was done by adding 
1 mg of a lipid sample to 2 ml of dimethyl carbonate: isooctane, 
1:1. 1 ml of a solution containing 2.3 g sodium dissolved in 200 
ml of methanol was added and the test tube was shaken vigorously 
for 30 s and left at room temperature for 15 min to ensure 
complete reaction. 3 ml water was added and the test-tube was 
shaken and then centrifuged at 2 x g. 0.5 „1 of the organic 
layer was injected on the chromatograph with the following 
separation conditions. The oven was temperature programmed, 
starting at 130«C (2 min), increased to 150»C (30»/»in) and 
220»C (3.2-C/min) with a 10 min hold. The injector temperature 
was 130-C and the detector temperature was 250o C . Initially the 
gas flow was 2.7 ml/min. The results are expressed as normalized 
weight percentages using the external standard method. No cor- 
rection factors are used for the minor constituents for which 
standards are not available or acceptably pure. 
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Table 2 

Characterisation of fatty acid composition 



Patty acid 
coopooition r 
weight % 


o-GI 


j 


o-h-GL 


o-DGDO 




w-DGDG 


r-OL 


C 14:0 












1 




C 16:0 


20 


21 


21 


16 


15 


13 


12 


C 18:0 


1 


1 


74 


2 


1 


1 




C 1B:1 13-5 


17 


17 




19 


6 


5 


8 


C 18:1 73-7 


1 


1 




1 


1 


1 


1 


C 18:2 n-6 


53 


52 




58 


71 


68 


69 


C 18:3 n-3 


2 


2 




3 


3 


3 


5 


Minors <1% 
and 

unidentified 


6 


6 


5 


1 


3 


8 


5 



NMR spectroscop y of diaalactosyldiacvlalvcerols 

One-dimensional proton-decoupled natural abundance 13 C 
NMR spectra were recorded on a Bruker AM-400 spectrometer 
(Bruker Analytische Messtechnik GmbH., Germany) at a 13 C fre- 
quency of 100.614 MHz. The pulse angle was 36° , the pulse repe- 
tition time 1.0 s and resolution 1.52 6 Hz per data point. 3 Hz 
line broadening was applied during processing. The samples (10- 
4 0 mg) were diluted in a mixture of 73 0 pi DMSO-d 6 (Aldrich 
Chemical Comp. , Inc., USA) and 20 /il D 2 0 (Aldrich Chemical Comp., 
Inc., USA) and transferred to an NMR tube (5 mm i.d.). 
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Table 3 

13 C Chemical shifts (ppm) of digalactosyldiacylglycerols from 
wheat and oats 



Signal 


=r==^=' ll l 

w— LHjJJfcr 


O-DGDG 


Fatty acid 






moieties 






C(n) 


13,8 


13 .7 


C(n-l) 


21.9 


21.9 


C{n-2) 


30.8 


30.8 


C, methylene 


28.3-28.9 


28.4-29.0 


C, allylic 


26.5 


26.5 


c, aouDly allylic 


25.1 


25. 1 


c, oierinic 


127.6-129.6 


127.6-129.5 


i~ J 


24 . 3 


24.3 




33.3, 33.5 


33.3, 33.5 


CI 


± / Z . Z , 1/2.5 


172.1, 172.4 


Glycerol moiety 






sn-l 


62.3 


62.4 


sn-2 


69.8 


69.8 


sn-3 


66. 6 


DO* O 


Digalactosyl 






moiety 






CI (inner) 


103.6 


103. 6 


CI' (outer) 


99.4 


99.4 


others 


60.4, 66.3, 


60.4, 66.3, 




67.7, 68.2, 


67.7, 68.2, 




68.6, 69.3, 


68.6, 69.3, 




70.1, 71.1, 


70.1, 71.1, 




72.8, 72.8 


72.8, 72.9 
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Bxampl i. Preparation of a lipophilic carrier (enriched evening 
primrose oil containin g 30 % *y-1 i nolenic acid (G1*A\ \ . 

A liphophilic carrier was prepared with the following in- 
gredients: 

Ingredient ^ 
Galactolipid material 50.0 
Enriched evening primrose oil, 20 % GLA 50.0 

The galactolipid material was dispersed in the oil under 
high shear mixing at 22,000 rpm for 3 min. The oil phase was 
then kept at 50°C for 40 min. A clear, highly viscous lipophilic 
carrier, which stayed clear upon cooling to room temperature, 
was obtained. 

Example 2. Preparation of a lipophilic carrier (enriched 
evening primrose oil containing 20 % GLA) containing 5 % cyclo- 
sporine A. 

A lipophilic carrier containing a pharmacologically active 
compound was prepared using the following ingredients. 

Ingredient 

Galactolipid material 

Enriched evening primrose oil, 20 % GLA 
Cyclosporine A 

The galactolipid material was dispersed in the oil under high 
shear mixing at 22,000 rpm for 2 min. The lipophilic carrier was 
heated to 50°C and became clear. The cyclosporine A was added to 
the clear oil phase. The cyclosporine/oil mixture was kept at 
50°C, with occasional shaking, until a clear liquid was ob- 
tained. 



i 

19,0 
75.9 
5.1 
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Bxampl© 3. Preparation of a lipophilic carrier containing 
ascorbvl-6-GLA 

A gel was prepared with the following ingredients: 

Ingredient 
Ascorbyl-6-GLA 
Galactolipid material 
MCT oil 

Ascorbyl-6-GLA, the 7-linolenic acid ester of ascorbic acid 
(from Callanish Ltd. , Scotland) was dispersed in the oil. The 
galactolipid material was added to the dispersion and the mix- 
ture was then heated to about 50 'C and submitted to high shear 
mixing. After cooling to room temperature, a viscous and slight- 
ly opaque stable dispersion was obtained. 

Example 4„ Preparation of a water-free disulfiram formula 
tions _^ 

A parenteral formulation with disulfiram, an alcohol deter- 
rent, was made using the following ingredients: 

Ingredient 

Galactolipids from oats 
Disulfiram 
MCT oil 

The ingredients were mixed using an ultraturrax homogeniser 
at 2000 rpm for 15 min and at 3000 rpm for 5 min. 

This resulted in a suspension, containing a high amount of 
finely dispersed disulfiram particles, with a smooth and homo- 
geneous consistency. The suspension showed excellent physical 
stability and no sedimentation could be observed during storage 
at room temperature. The viscosity of the suspension was rela- 
tively low and it was possible to deliver the formulation 
through a syringe equipped with a thin (i.d. 1.0 mm) needle. 

The formulation is applicable for instillation into the 
duodenum in man, where it may act as a depot for disulfiram thus 
providing extended alcohol deterrent effect. 



1 
6.25 
40.72 
53.03 



20.0 
32. 0 
48.0 
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Example 5> Preparation of reversp vesicles 

Reverse vesicles were prepared using the following ingre- 



dients : 



Ingredient 

Galactolipids from oats 

Lysophosphatidylcholine 

from soybean 

Phosphatidylinositol 

from soybean 

Water 

MCT oil 



Composition A 

i- 
1.65 

0.40 



Composition B 
1.56 



0.38 



0.56 
97.39 



0.64 
97.42 



After weighing the ingredients, the mixtures were sonicated 
in an ultrasonication bath for 1 h at 30-40 °C. The resulting 
fine dispersions were stable for more than a week. The presence 
of large reverse vesicles was evaluated with a differential 
interference phase contrast microscope (X2F-NTF-21; Nikon, 
Japan) with a video-enhanced system (Argus 10; Hamamatsu Photo- 
nics Co. , Japan) . 

The reverse vesicles in this example are based on lipid 
ingredients, which are suitable for use in pharmaceutical and 
cosmetic applications. Previously, reverse vesicles have been 
prepared by using phospholipids or synthetic surfactants in 
hydrocarbon oil, the two latter ingredients normally being too 
toxic for human use. Furthermore, the reverse vesicles according 
to the present invention show a much better stability than pre- 
viously reported for systems based on synthetic surfactants and 
hydrocarbon oil. 

A reverse vesicle dispersion is an example of an organised 
solution in which bioactive materials, e.g. proteic drugs like 
interferons, and peptide hormones like calcitonin or insulin, 
may be incorporated. Incorporation of a water-soluble proteic 
drug or a hormone in a triglyceride oil by means of reverse 
vesicles may facilitate the transport of the drug across lipo- 
philic cell membranes. The drug molecules are located within the 
bilayers of the reverse vesicles which have a stabilising effect 
on the drug. In particular, the drug may be protected from de- 
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gradation in the gut when administered orally. 

frcaqple 6, Preparation of ^ y -~- m j eft1lM 

A highly viscous reverse micellar gel (organogel, micro- 
emulsion gel) was prepared in the following way: 

Ingredient 

Galactolipids from oats 17 g 

MCT oil 

81.3 

Water 

0.8 

The galactolipid material and the MCT oil were mixed together 
to form a homogenous dispersion. The water was added drop-wise 
to the dispersion under continuous magnetic stirring. A clear 
gel was formed almost instantly and maintained a high viscosity 
for over a month. 



Example 7. Preparation of a ^ O Bmulsinrx 

A microemulsion was prepared with the following ingredients: 

Ingredient % 

Ascorbyl-6-GIA S~ A ^ 

7 • 49 

Galactolipid material 17 66 

MCT oil 

63.53 

Water 

11.32 

Ascorbyl-6-GLA was dispersed in the oil. The galactolipid 
material was added to the dispersion. Warm membrane-filtered 
water was added to the oil phase under high shear mixing. This 
resulted in a clear, slightly yellowish and low-viscous liquid 
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tttaap^ a f Preparation Qf a vater-in-on m i i ff ^ ff n 

A water-in-oil emulsion was prepared with the following 

ingredients: 

Ingredient % 

Galactolipids from oats 2 0. 0 

MCT oil 49#9 
1.0 % aqueous 

carrageenan gel 30. l 

The galactolipid material was mixed with the MCT oil to form a 
homogenous clear dispersion. The carrageenan gel, melted at 60 
•C # was added slowly to the oil-phase under high shear mixing. 
After cooling to room temperature, a highly viscous, milky oil- 
continuous emulsion was formed. 
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CLAIMS 



1. A lipophilic carrier preparation having a continuous lipid 
phase, comprising a polar lipid material in combination with a 
non-polar lipid, and optionally a polar solvent, characterized 
xn that the polar lipid material is a galactolipid material 
consxstxng of at least 50 % digalactosyldiacylglycerols , the 
remainder being other polar lipids. 

2. A lipophilic carrier preparation according to claim 1 
wherein the galactolipid material consists of about 70- 80 '% 
dxgalactosyldiacylglycerols, and 20-30 % other polar lipids. 

3. A lipophilic carrier preparation according to claim l or 2 
wherexn the galactolipid material consists of up to 100 % di- ' 

galactosyldiacylglycerols . 

4 A lipophilic carrier preparation according to any of claims 
1-3 composing galactolipid material, 1-50 % by weight, and a 
non- P olar lipid, up to 100 % by weight of the total preparation. 

5. A lipophilic carrier preparation according to any of claims 
1-3 xn the form of reverse vesicles, comprising, by weight of 
the total preparation: 

- a galactolipid material and optionally other amphiphiles, 0.5- 

- an aqueous solution, O.l-i.o %; and 

- a non-polar lipid, up to 100 %. 

6. A lipophilic carrier preparation according to any of claims 
1-3 xn the form of reverse micelles, comprising, by weight of 

the total preparation: 

- a galactolipid material, 1-50 %; 

- an aqueous solution, 0.1-5.0 %; and 

- a non-polar lipid, up to 100 %. 

7. A lipophilic carrier preparation according to any of claims 
1-3 xn the form of vater-in-oil emulsions, comprising, by weight 
of the total preparation: 
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a galactolipid material, 1 - 3 0 %; 
an aqueous solution, 1 - 80 %; 
a non-polar lipid, up to 100 %. 



8. Use of a lipophilic preparation according to any of claims 
1-7 as a carrier for an active substance in a pharmaceutical, 

cosmetical or food product. 

9. A pharmaceutical composition comprising a lipophilic carrier 
preparation according to any of claims 1-7 in combination with a 
bioactive substance- 



10. A pharmaceutical composition according to claim 9, wherein 
the non-polar lipid is a triacylglycerol oil, preferably a 
medium-chain triacylglycerol (MCT) oil, evening primrose oil a 
palm oil fraction or a bioactive substance. 

11. A pharmaceutical composition according to claim 9 or 10 
for oral, enteral, parenteral, rectal, vaginal, topical, ocular, 
nasal or aural administration. 



12 



Use of a galactolipid material consisting of at least 50 % 
digalactosyldiacylglycerols, the remainder being other polar 
lipids, as a polar lipid for the preparation of a lipophilic 
carrier preparation having a continuous lipid phase, comprising 
a non-polar lipid and a polar lipid material. 

13. Use according to claim 12 of a glactolipid material consist- 
ing of about 70-80 % digalactosyldiacylglycerols, and 20-30 % 
other polar lipids. 

14. Use according to claim 11 or 12 of a galactolipid material 
consisting of up to 100 % digalactosyldiacylglycerols. 

15. Use of a galactolipid material consisting of at least 50 % 
digalactosyldiacylglycerols, the remainder being other polar 
lipids, optionally in combination with phospholipids or other 
amphiphiles, for the preparation of a reverse vesicles. 
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16. use according to claim 15 of a galactolipid material consis- 
ting of about 70-80 % digalactosyldiacylglycerols, and 20-30 % 
other polar lipids. 

17. use according to claim 15 or 16 of a galactolipid .naterial 
consisting of up to 100 % digalactosyldiacylglycerols. 
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